In this paper we explore the life expectancy at birth in the Netherlands by based on a recent theory and a new methodology but also a classical theory of fitting and forecasting. We use the data from 1850 to 2006 provided by the Human Mortality Database (HMD) for the annual deaths per year of age and the structure of the population per year of age. We apply the IM first exit time model which includes also the infant mortality by using the appropriate non-linear regression analysis program that we have developed in Excel. We provide all the related material from the website: http://www.cmsim.net .
Introduction
Long term predictions of the Life Expectancy and the Life Expectancy at Birth (LEB) is a very critical issue for long range planning for countries and national and international organizations as the World Health Organization (WHO). Whereas for short term forecasts several tools are in use [7, 10] leading to reliable predictions, the long term estimates are a difficult task. High uncertainty is inherent in exploring the future trends especially in estimating the LEB for various countries. As the LEB is growing for many decades the issue is to explore systematic growth changes leading to better medium and long term forecasts. An important development is coming from the recent introduction and estimation from demographic data of a deterioration function and the associated maximum deterioration age (Det) (see the recent papers [15, 18, 19] and download from http://www.cmsim.org ). The value of Det is higher than the LEB. However, in nowadays the LEB is growing shortening the gap from Det and in some cases as in Japan (females) the LEB is very close to Det. It is expected that the Life Expectancy at Birth will increase in all the countries thus approaching asymptotically to Det. Another point is the estimate of a future level of the Life Expectancy at Birth by based on the deterioration function which we call the DTR system. The future life expectancy at birth estimated by the DTR system is higher than the Det and provides another level for LEB, whereas Det and DTR approach each other in the long term. Instead to use only the data for the annual values of LEB for making predictions we have two more data sets for Det and DTR thus improving the reliability of forecasts.
General Theory on Stochastic Modeling of Health State
The first paper related to this theory on stochastic modeling of the health state of an individual was published in 1995 [8] . An application on the Belgium and France data was presented by the authors in the Royal Association of Belgian Actuaries (ARAB/KVBA, founded in 1895) in a meeting in 1995 celebrating the 100 years of the Association. The modeling approach was focused on finding the distribution of the first exit time of a diffusion process expressing the health state of a person from a barrier. The related theory can be found in [8, 12, 13, 14, 15] and recently in the International Encyclopedia of Statistical Science, Springer (2011) [16, 17] . The publications [12, 13, 14, 15, 16] are focused on the development and application of a first exit time model for mortality including the infant mortality. The model termed as First Exit Time-IM is expressed by the following probability density function The curvature K(t) gives a measure of the deterioration of the human organism or of loss of vitality in terms of Halley [6] and Strehler and Mildvan [20] . We call K(t) the Deterioration Function which provides a bell-shaped curve.
The maximum of the deterioration function (Det) is achieved at the age T Deter =Deter which is given by the formula 
T Det
A search in several countries shows that Det is slowly changing during the last centuries and practically remaining almost stable until 1950 then showing a steady increase from 1950 until nowadays. A consequence of the existence of the deterioration function K(t) and its maximum at Det is the postulate that life expectancy at birth will tend to approach Det during time. The next very important point is to estimate the total effect of the deterioration of a population in the course of the life time termed as DTR. This is expressed by the following summation formula:
Where t is the age and K(t) is the deterioration function. The last formula expresses the expectation that an individual will survive from the deterioration caused in his organism by the deterioration mechanism. The result is given in years of age and we can construct a Table like the classical life tables. The DTR provides the future trends for the life expectancy and it is very important in doing forecasts along with Det. The Life Expectancy at Birth (LEB) can also be estimated by a similar summation formula
The integral gives as an immediate summation whereas the sum in the right hand side of the last formula leads to the estimation of LEB by the classical Life Table method [6, 3, 5, 9] . All the needed estimates are fusible by using a program in Excel which can be downloaded from: http://www.cmsim.net/id13.html . The program estimates the life expectancy from data, from the fitting curve, by calculating the integral and by estimating the future values of the life expectancy by using the DTR method (see the next snapshots from the program; only the first terms are presented here). The next two Figures (1 and 2) illustrate special cases for Netherlands (1930 and 2006) . The data points, the fitting curve g(t) and the deterioration function appear. 
Modeling and Applications in the Netherlands (Females) First Method of Forecasts
In the following we do forecasts for the Life Expectancy at Birth by using the data provided by the Human Mortality Database (HMD). The population and death data (per age) for females are introduced into the IM-First Exit Time [12, 13, 14] nonlinear regression analysis program (http://www.cmsim.net/id20.html ) estimating all the necessary parameters including LEB (from data, from fitting and the mean value), Det and DTR. The results are summarized in the related Table X We use the population and death data from the Human Mortality Database for Netherlands (females) from 1900 to 2006. We estimate the Life Expectancy at Birth (LEB), the Maximum deterioration age (Det) and the future life expectancy based on the DTR Method (DTR). As it can be easily verified from applications in several countries the LEB tends to increase during time approaching the Det which tends to coincide with the DTR as it is illustrated in Figure 4 where the differences (Det-LEB), (DTR-LEB) and (DTR-Det) appear. By observing Figure 4 it is clear that a systematic relation between the three estimates is present. In the following we will use the Det and DTR estimates along with the LEB to improve life expectancy predictions. The key point is the deterioration function and the maximum point of this function corresponding to the age with the maximum deterioration of the human organism (see the main ideas in [1, 2, 4, 6, 8, 14, 18, 19, 20] ). As far as the other causes of death will be diminished due to the improvements in science and the social and community efforts to improve our way of living, the LEB age will by close to the Det age, whereas the future life expectancy estimated by the DTR system will approach the Det values. In other words the future values of the life expectancy at birth can be found by simply shifting the Det and DTR trends to the right as it is illustrated in Figure 3 . We can immediately have an estimate for the future trend of LEB by starting from the value of LEB for 1900 (f 0= 48,98 years) and assuming an upper limit F(1900)=DTR(1900)=78,86. The next step is to find the parameter b of the next equation as to fit the first data sets for LEB after 1900. The first 10 data points (1900-1909) are sufficient for a good prediction of LEB for almost 40 years (see Figure 3 , blue line). The next step is to find the time lag between LEB and the right shift of the Det. After shifting the Det to the right (see Figure 3) we shift the DTR to the right as to fit on the "right shifted Det". We thus form a series (by averaging) composed from the values of LEB and the shifted Det and DTR. Then we use this series as an entry in a nonlinear regression analysis program for the estimate of the best fit. As the system tends to stabilize to an upper limit we use the following equation:
Differences for
Where F is the upper limit, f 0 is the starting point and a is a parameter expressing the speed of growth. The regression analysis gave the following values TABLE I (Table II) . The upper limit is lower (87,70 years) than in the previous case (88,89 years). 
E). Special cases
We turn out to explore two special cases of very low life expectancy at birth in Netherlands that of the year 1918 due to the influenza pandemic and of 1945 due to the after the Second World War effects. The resulting values are compared to the Det and DTR values for the same time period. As it is presented in Figure 6E both Det and DTR show almost stable behavior as they represent the effects of deterioration of the human organism. The year 1945 a mortality excess appear (see Figure 6B ) distributed to all the ages. It is demonstrated by a local minimum in the LEB diagram. The corresponding influence to Det and DTR is limited as it was expected by the related theory. More interesting is the case of the influenza pandemic in 1918. As it is illustrated in Figure 6A the mortality excess is distributed in the age group from 15 to 50 years approximately. The resulting value for LEB is a local minimum as it was expected, whereas, Det and DTR show a local maximum. This can be explained by observing Figure 6C . The graphs expressing the deterioration function for the years 1917 and 1919 almost coincide whereas the related graph for the year 1918 is completely different expressing the influence of pandemic influenza. Instead for the years 1944, 1945 and 1946 the three curves for the deterioration function are very close each other ( Figure 6D ).
Parameter Analysis of the IM-Model Second Method of Forecasts (Classical)
By using the g(t) formula for the death distribution we apply the nonlinear regression analysis program to the Netherlands data for females from 1850 to 2006 and we estimate the parameters of the model. The parameters show systematic changes over time so that future predictions are possible. The parameter b follows an exponential decay process presented in Figure 7 . The fitting parameters are summarized in Table IV The parameter l accounts for the infant mortality. As it is illustrated in Figure  8 this parameter follows a negative exponential process tending to very low values close to zero. The nonlinear regression analysis fitting gave the next values for the negative exponential function applied (Table V) . The limit of the parameter l is found to be l=0,001329 indicating the successful application of the social health services in the infant section. The parameter c follows a growing process as it is illustrated in Figure 9 . The total period explored is between 1850 and 2006. This period is divided in two periods and by observing the related data (see Figure 9 ). The following exponential function is applied for the two periods Netherlands ( We also explore the behavior of the death distribution at the right inflection point. As it was already tested for the case of Sweden [18] the tangent at the right inflection point of the death distribution tends to shift to a position perpendicular to the X axis, whereas the right displacement of this line is slower Figure 11) . In other words the characteristic tangent which we call as the longevity tangent [18] looks like a barrier set by the human organism to our efforts for longevity. The results for Netherlands (Females) support the previous findings for Sweden (Females) .
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Netherlands ( The estimated parameters of the Logistic model are presented in Table VIII . For both time periods studied the growth parameter a obtains similar values, whereas the use of all the data points (1850-2006) gives an estimated for the life expectancy upper limit F=96,18 higher than the upper limit estimated from the series (1900-2006) that is F=88,89. The LEB, estimated by using the parameters b, l and c, the function g(t) and the related program, gives us a graph (Figure 12 ) between the two other estimates. The Table IX includes the predictions based on the two methods proposed. The second method based on the analysis of the parameters gives higher future values for the life expectancy at birth. However, by combining both methods we can expect to improve forecasts and especially by making long range estimates. 
Conclusions
We have applied a new theoretical framework to forecast the future life expectancy and life expectancy at birth in the Netherlands (Females). We also do predictions by based on a classical forecasting methodology. The resulting figures are close to those suggested by the Dutch Actuarial Association in the Projection Table X at the end of this paper). 
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